Genome Sequence
Shows Few
Differences

Between Humans,

Worms




Saccharomyces cerevisiae

-+ ~12 M genome; sequencing completed
1996

- ~6,200 ORFs

* When genome sequence completed
only ~35% of genes had reasonable
functional annotation

Spotted
DNA Arrays

Pre-synthesized
DNA (e.g. from
PCR or oligo
synthesis)

Robotically

; deposited on
treated glass
microscope slides
in regular array







Genome-wide
Templates for
Hybridization Assays

Examples of spotted
material:

All ~6,200 open
reading frames from
Saccharomyces
cerevisiae

Human cDNAs

Synthetic 70-mers
from coding




Spotted
DNA Arrays

Spots can now be
printed with center
to center spacing of
less than 100um,
allowing for more
than 150,000 spots
to be printed on a
standard glass slide.

A good robot can now
print 50,000 spots on
200 slides in 24

DNA arrays are used to measure the
composition of complex nucleic acid
samples in parallel at high speed and with
reasonably high accuracy and (in principle)
low cost
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Many interesting and
important biological
properties can be
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Other Properties of Biological Systems and
Biomolecules That Can Be Studied By Array
Hybridization

* Transcript Abundance
* Karyotype/DNA copy number
+ Identity by descent/Genetic Mapping

* Translation, Transcription, Message Decay
Rates

+ Sub-cellular localization of transcript/gene
product

« Invivo binding distribution and in vitro
binding affinities of DNA binding proteins

Use of cDNA Microarrays to Identify Genes Encoding
Membrane and Secreted Proteins

Membrane-bound
Polysomes
Membrane and
secreted proteins

Free polysomes
Cytoplasmic and
nuclear proteins
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115 Antibodies
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The Dynamic Genome

Every individual of every species has, o a first
approximation, only one genome, and with this
essentially static genome:

Unicellular organisms can survive, grow and
reproduce in rapidly and extremely variable
environmental conditions.

Multicellular organisms are capable of producing
cells and tissues with dramatically different
properties.

Evolution of Gene Regulation

Evolution ensures that coding genes make
proteins with the proper molecular properties:
enzymatic activity, binding, etc....

Equally importantly, natural selection has also
proceeded to ensure that these proteins are
made and function when, where and in the
proper form and amounts required, and that
they are not made when their presence would be
deleterious, or in unnecessary amounts that
would waste cellular energy.




Evolutionary Logic Links
Gene Expression and Gene Function

The evolutionary logic that dictates
that genes be made only when and
where needed implies a direct
connection between a gene's pattern of
expression and its function

Evolutionary Logic Links
Gene Expression and
Cellular State/Phenotype

The important role of gene requlation
in development and cellular responses
means that the particular set of genes
a cell or collection of cells is expressing
at any moment can tell us a great deal
about its history, environment, internal
state and future.




Gene expression provides a Unlike gene function or the
window onto two properties of physiological state of cells,
biological systems that we are tissues and organisms, gene

extremely interested in studying expression is now easy to
measure

Gene Function

|

Gene Expression

|

State/Phenotype

Aty A DNA arrays are used to measure the
e e e composition of complex nucleic acid
e L samples in parallel at high speed and with
i - reasonably high accuracy and (in principle)

r r low cost

Two-color comparative hybridization to
arrays measures relative abundance of
each nucleic acid represented on the
* array

L #11 Accurate (~25% error)
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Saccharomyces cerevisiae

* Unicellular fungus with extensive
commercial importance

+ ~12 M genome; sequencing completed 1996
+ ~6,200 ORFs

- Despite extensive genetic, molecular and
biochemical analysis, when genome
sequence completed only ~35% of genes
had reasonable functional annotation

DNA microarrays with
elements representing
every identified open
reading frame - either
in the form of PCR
amplified ORFs or
synthetic
oligonucleotides - have
been available for 5
years and are in fairly
wide use
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The Principle Challenge in Experimental Genomics
is Making Biological Sense of the Data

Experiments

R —

Saccharomyces cerevisiae
whole genome ORF arrays

~6200 genes
~6000 conditions
> 36 million observations




Gene Expression During
Mitotic Cell Cycle in Yeast
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How Do We Make Biological Sense of
Complex Gene Expression Datasets

A corollary of this logical relationship
between gene expression and gene function is
that genes with similar function should have
similar patterns of gene expression.

To the extent that this is true, this property
can be used to impart a logical and
biologically meaningful order to complex gene
expression data







Gene Expression Program of the yeast Encchnrﬂmrus cerevisiae

W Ardence
[ Mating Fyps
. Metatic Cell-rycke
O Sperulaticn
0 zermirataon
M s1ameicn
O Bewr
W rremicai
STress
el Afroliels AfDEroisg
B corbon source
[ GME Expres
I ez marionis

523 conditions
5050 “real”genes

Gene Expression Program n:rf the yeast Saccharomyces r;er'evlsme

UNCLUSTERED CLUSTERED




Gene Expression Program of the yeast Saccharomyces cerevisioe
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Cytoplasmic Ribosome Cluster

Cluster contains virtually all subunits of cytoplasmic ribosome
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Mitochondrial Ribosome Cluster

Centains most known mitochendrial ribosome components

pluz B proteins with no annotated function,
3 with homalogy te bacterial ribosomal proteins
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Energy Generation Cluster
Oxidative Phosphorylation and ATP Synthesis
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Proteasome Cluster

Contains virtually all known companents of proteasome

{20z and 263 subunits)
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Gene Expression Program of the yeast Saccharomyces cerevisioe
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Gene Expression Program of the yeast Saccharomyces cerevisioe
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Amino Acid and Purine Biosynthesis

Lue, Tle, Val, Lys
Purine, His
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Amino Acid and Purine Biosynthesis

Arg, Trp + misc
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Methionine Biosynthesis Cluster

EALSS METED gadvite Pedha s B

WETRE Frassorpion fedtes METY sulfene elerphhroralerdse

WETES Franserighonal oo feetor METLA adanptptuifats hnase

BETE romcarira O-acetyltraradorace METHT & - e whfhemataring

AT pdfare g reids METHD ma thplerd Te eabpdeaf elatd recdarrads
HET] porphees prthace METE heamsrpiteing m Py Ptrardd orase
WETi& k. phophoadarrytpladate rod SERY 3. phoapheghcorate dal o

METH it raduckans MET2E IS -Giaphasphate mucbeeidens

| EERSTUN
[ man g vz
| CERBE MR
L] et
O e
H sremetan
Bt iy
W cramcch
O strwia
B Anrubis Ansargbas
B corteon aorce
L s Emprmei

e B ToATE




Galactose Utilization Cluster

&ALL,2,3,7,10,80 plus
veszicular fransport protein of unknown fumction
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Protein Folding Cluster
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Sporulation Cluster
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Gene Expression Program of the yeast Saccharomyces cerevisioe
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Reading Genome Sequences

Great progress has been made in
reading the protein coding information
contained in genomes: identifying the
location and structure protein coding
genes, and of using the amino acid
sequences to predict gene function and
3D structure

Reading Genome Sequences

Comparably little progress has been
made in reading the non-coding content
of genomes, especially information that
encodes when, where and under which
conditions genes will be expressed.




Reading Genome Sequences

The sequencing of the human genome
was accompanied by the prediction of
~35,000 protein coding genes by fwo
independent research teams, but
essentially no predictions about the
likely expression patterns of these
genes.

How is regulatory
information written in
genomes?

Non-coding Dinm Coding DNA




Reading cis-Regulatory Code
What do we need to know?

Output of system

Temporal, Spatial and Conditional gene
expression patterns of all genes

Reading cis-Regulatory Code

What do we need to know?
Input to system

-cis-DNA sequence

*in vitro binding affinities of transcription
factors

*in vivo binding distribution of transcription
factors

*Evolutionarily conserved non-coding
sequences




Reading cis-Regulatory Code
What do we need to know?

Input to system

-cis-DNA sequence
*in vitro binding affinities of transcription
factors

*in vivo binding distribution of transcription
factors

*Evolutionarily conserved non-coding
sequences

Proteasome Cluster

Contains wirtually all known components of proteasome
{20z and 263 subunits)
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Cluster of co-expressed genes
Pattern discovery in regulatory
regions

Possible examples of motif 1 in the training set

Sequence name strand Start Score

YLR118C 10. AAATAAAAAT GAGAACGARA

YDL126C 17.33 ATGTGAATTC AAGGACATAT

YERO21W 10. TTTCTTTGAT ACTAATCTTA

YERO21W 17. CTCTTTCTTG GTTTTTCGTC

YPR108W 15. ATCCTCAATG TTAACTTATT

YDRA2TW 9.77 TCACGCATCG AGCATATACA

YDRA2TW 17.33 GCTTTCATCC |GG

YOR157C 14.30 AACCCGGCCG

¥YDLO9TC 17.07 TGGTTCCAAG GTTGGTAGAA

YOR117W 17. GCCAATATGT ATGAATTAAT

YMLO92C 17.33 AGCTTATTAA TTGTCCCCGG

YERO12W 17. ARATCTTTAC AATAAAGAAA

YLR387C 15.03 GTCACAAGAC CAGTTGTACA P 1'
YDR394W 17. CTGAAAGTAA GG' TAGTAAATCT ro eas°me
YPR103W 17.

YILOOLW 17. Cl 1-
YFRO50C 17. ACGTATTTAA us e r

YFRO52W 17. AATTTCAATG AATGTGTAGA

YGLO11C 10.40 TTAGGATTGT CTTGTAAAAT - 600 -'-o ,_1
YGLOl1C 17.07 CTATCCTTAC TGGTGTGTGC

YKL145W 17. TTAGTTTTCG TTCGGTAATC

YGLO48C 17.33 ATGCGAGCGA GTTGTAATAT

YGR135W 17. TTACCCTGCA AATTTATAGA

YGR253C 10.28 CTTCAGCAGT GTGTCCTTTT

YGR253C 17.33 AACCAAGACC GGTGGCAARA GAGTAACCTA ME ME
YBLOALW 17.33 AAACTCAAAG ACAAGCGGTA

YFROO4W 17.07 GGACCTCCAA CACAAGAAA

YJLO31C 11.38 GTGGCTTCTT T

YJLo3ic 13.79 TGCTGTTTAA A T" (WWW.SdSC.edU/MEME)
YMROO4W 12. AAAATTATCA

YMROOAW 10.21 GATAAGTCTT

YBR170C 14.03 CAGAACGAAG

YORO059C 14.77 ATAAAGAAAG

YKRO14C 10. AATGTGGATT CAATGTTTCT

YJLOS53W 10 CTTTTTCTTC

YPR107C 15

YGLOATH 11.64 CGTTGATGAT

YGLOATH 10.04 ACATCGTGGA

YGLOATW 17.33 ATGCGAGCGA GTTGTAATAT




RPN4  Subunit of the regulatory particle of the proteasome

Gene Name/Synonyms RPN4; SON1: UFD5: GVM1: D2840; YDLO20C

At-a-Glance

Cellular Role Protein degradation

Biochemical Function Proteasome subunit

Localization Nuclear;19S regulatory particle of the proteasome

Mutant Phenotype Null: viable

mammalian homolog cannot be found in purified proteasomes
has two potential nuclear localization (NLS) sequences
not detectable in the purified proteasome preparation by

direct sequencing or by detection with antibodies

GGTGGCAA is a binding site for RPN4
FEBS Lett 1999 Apr 30:450(1-2):27-34

Rpn4p acts as a transcription factor by binding to PACE, a
nonamer box

found upstream of 26S proteasomal and other genes in yeast.
Mannhaupt 6, Schnall R, Karpov V, Vetter I, Feldmann H

Adolf-Butenandt-Institut der Ludwig-Maximilians-Universitat Munchen, Germany.

We identified a new, unique upstream activating
sequence

(5'-66TGGCAAA-3') in the promoters of 26 out of the 32
proteasomal yeast genes characterized to date, which we propose to

call proteasome-associated control element. By using the one-hybrid
method, we show that the factor binding to the proteasome-

nccncinted contral element ic Rnndn a nraotein containing a C2H2-




Genes with Proteasome Control Element
GGTGGCAAA
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Reading cis-Regulatory Code

What do we need to know?
Input to system

-cis-DNA sequence

*in vitro binding affinities of transcription
factors

*in vivo binding distribution of ftranscription
factors

*Evolutionarily conserved non-coding
sequences

Mapping the distribution of specific proteins on the genome
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Genomic DMNA segments
that consistently
co-immunoprecipitate

with SBF or MBF subunits

RAP1 is Localized to Telomeres and 263 Internal Foci,
Potentially Affecting the Regulation of 358 Genes

A Chromosome 5 (20 Feen
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Cytoplasmic Ribosome Cluster

Cluster contains virtually all subunits of cytoplasmic ribosome

B aterdorce
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RAP1 Regulates the Ribosomal Protein Genes

. » -
I I I

RIPL23A RPFL3SA RPLIGB/RPLI3A

0% (124 of 137) of Ribosomal Promoters were Selected
98% (121 of 124) of Predicted Targets were Selected

é'l B Determined
i B Predicted

Previous This Study




The RAPI Binding Site Can Be Determined from IP Data Alone

Published KAPI Consensus Sites

il ETRCACOCARMOMOC Olige Bslection/leplificatisn

il  WACATOCBTACATY In Bilico w/ Bib 1P =
] AMATCCEMROAYY Monomar Ninding in Witrs

L2 RHACCCANSCAYY Original In Vitro/Ssgquance Data
3 AEACCOAYACATYY Suvreoturs/Penotion Analysis

¥ ACATYTSACATYY  Bureoture/Penction Analysis

RCACCCANMNCAYY Overall Consensus

Raplp Binding Sites Determined by 1P Data Alone
Selected Intergenics only Ho Telomarics

Consensus: ACARCCCATACATC ARCACCCATACATC
Degenerate: ACACCCRTACAYY ACARYCCRTACAYY




